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Abstract 
As today manufacturing is not only subject to a single factory, but a network of globally distributed production sites, the goal-oriented 
encouragement of professional capacities is the motivation for the Learning Factory on Global Production (LGP). In this context, the design of a 
competency-based and action-oriented didactic and methodological concept is a prerequisite for sustainable learning results and for the 
development of self-determined problem solving skills. The presented paper gives an overview to the didactic and methodological design 
approach of the LGP. The integrated modular concept of e-learning and application in the learning factory environment supports self-directed 
learning and implemented by structuring the teaching/ learning process according to the model of complete action. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Global manufacturing companies are facing increasing 
competition, the shortening of product life cycles, the 
increasing number of product variants and the challenges 
resulting from the development of information technologies. In 
order to adapt quickly to this fast changing environment, 
companies need employees which are able to cope with 
unknown situations and complex problems independently. In 
this respect, profound technical knowledge alone is not 
sufficient. The promotion of capacity to act in a professional 
context is a major measure to ensure competitiveness [1].  
Besides that, there is a paradigm change in higher education 
arising from the Bologna process promoting practical and 
learner-centered concepts.  
Resulting from the interaction of those two trends in global 
manufacturing and education, the qualification concept of 
learning factories emerged at a large variety of universities and 
professional training centers.  
2. Learning factories and didactics 
Though existing learning factories cover a large variety of 
engineering-related topics, the issues of global production have 
not been addressed in any existing learning factory [2]. Despite 
of different thematic emphases, competence development 
constitutes a common objective. Tisch et al. [1] perceived a lack 
in target orientation and missing competence operationalization 
to be a crucial problem in learning factory design. Hence, 
effective competence development in learning factories 
requires a comprehensive didactic methodological concept. 
Constructivism and its understanding of learning as an act 
which cannot be determined but only encouraged and 
stimulated emerged in the 1990s. Since then learner-centered 
and action-oriented concepts gained more and more importance 
[3]. In addition to that, there was a paradigm change in higher 
education arising from the Bologna process. There is a shift 
from the content-oriented design of lectures and courses to the 
strong focus on the learner and the learning process itself [4]. 
The action-oriented design of teaching/ learning processes 
tends to have positive effects such as improved transfer and 
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retention compared to traditional ex-cathedra teaching methods 
[5]. Furthermore, one assumes action-oriented teaching/ 
learning processes to increase learning motivation and foster 
competence development [6, 7].  
For these reasons, teaching/ learning processes in learning 
factories are preferably designed in a competency-based and 
action-oriented manner.  
2.1. Definition of teaching/ learning objectives in learning 
factories 
Being based on action-oriented principles and mostly 
aiming at the fostering of capacity to act in a certain 
professional context, learning factories allow teaching and 
learning in close-to-reality industrial settings [8]. The 
promotion of competences in a certain field of engineering is 
the key objective of many learning factories intending to 
empower (future) employees to cope better with unknown 
situations [9]. 
The common understanding of competence is defined as 
human disposition to employ, evaluate, extend and connect 
existing knowledge in order to perform actions independently 
[10, 11, 12]. In learning factories the concept of competence is 
interpreted in heterogeneous ways. Wagner et al. distinguishes 
competence into the four different facets of professional, 
methodological, social and self-competence [12], whereas 
Tisch et al. [13] categorize technical and methodological 
competence, social and communication competence, personal 
competence and activity and implementation oriented 
competence. For this reason, a definition of competence 
categories or facets is required prior to the definition of 
teaching/ learning objectives. Wagner et al. [12] and Brall [14] 
define four competence facets: 
x Professional competence comprises task-specific 
knowledge and professional skills such as expertise 
in a given area, the ability to classify and evaluate 
expertise as well as the ability to recognize 
connections.  
x Methodological competence comprises (partially 
independent from a certain professional field) 
applicable skills to structure and fractionize 
problems and to find decisions a goal-oriented 
manner. This also includes the transfer of known 
procedures and strategies to different contexts. 
x Social competence includes the ability for social 
interaction as well as to act cooperatively in these 
situations. 
x Self-competence includes the ability of self-
assessment (reflection), the ability to develop one's 
own personality as well as personal, motivational 
and emotional aspects. 
According to the model of occupational competence, the 
development of capacity to act in a professional context is only 
to be achieved by developing the corresponding competence 
facets equally [14]. Consequently, all competence facets need 
to be included as equally as possible into the concept. 
2.2. Concept development 
In order to achieve previously defined key objectives, the 
development of a coherent didactic and methodological 
concept is necessary. Describing relevant features and 
characteristics, morphologies allow only a first overview of 
possible design elements also regarding didactics and 
methodology [9, 15].  
The lack of a systematic design approach for the 
development of learning factories is resolved by Tisch et al. 
[16] presenting the Learning-Factory-Curriculum-Guide (LFC-
Guide), a structured design approach on three design levels. 
The first didactic transformation aims at developing teaching/ 
learning objectives formulated as intended competencies from 
organizational framework conditions. The second didactic 
transformation aims at designing teaching/ learning processes 
and the socio-technical learning factory environment 
supporting the previously defined teaching/ learning 
objectives. 
According to the concept of constructive alignment, 
sustainable learning success depends on the coordination of 
teaching/ learning objectives, the teaching/ learning process 
and assessment [17]. Therefore, if used for intra-curricular 
training of students, learning factory concepts also need to 
include the design of assessment approaches.  
2.3. Learning Factory on Global Production 
At the Institute of Production Science (wbk), the Learning 
Factory on Global Production (LGP) was launched as an 
innovative training platform for students and professionals 
addressing the challenges in global manufacturing. A 
production network of three globally distributed production 
sides manufacturing a DC motor with gearbox was chosen as 
teaching/ learning scenario. Due to their relevance in global 
production, six topics were identified as modular teaching/ 
learning units of LGP (Fig. 1) [2]. 
Fig. 1 LGP modules 
3. Didactic methodological concept of LGP 
The promotion of capacity to act self-determined in a global 
production environment is the main purpose of the 
establishment of the LGP. This purpose is to be supported by 
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all subsequent decisions concerning didactics and 
methodology. Prior to this, an analysis of the organizational 
framework is necessary in order to identify possible decision 
fields and achievable teaching/ learning objectives. The top-
down design approach shown in fig. 2 is mostly conform to the 
LFC-Guide in terms of taking the organizational framework 
into account for the formulation of the teaching/ learning 
objectives (which are formulated as competences and skills) as 
well as deriving further design from the teaching/ learning 
objectives. Beyond that, the LGP design approach considers 
the harmonization of teaching/ learning objectives, teaching/ 
learning processes and assessment approaches by incorporating 
the concept of constructive alignment. 
Fig. 2 LGP Concept Design Approach 
3.1. Organizational framework  
The LGP was established with the purpose to be used for 
education and training of students and professionals in the field 
of global production as well as for scientific purposes. 
Addressing primarily students of mechanical engineering and 
industrial engineering and management, the LGP workshop 
expands the existing range of lectures and courses of the 
Institute of Production Science (wbk). The given conditions 
regarding existing resources (space, teaching staff, and 
curricula) constitute a restrictive condition. Nevertheless, each 
participant is ought to collect as much hands-on experience as 
possible. Therefore, the maximum number of participants was 
set to 20. In order to assure an adequate knowledge level, 
students need to have successfully completed one of the key 
courses offered by the Institute of Production Science (wbk) 
beforehand.  Despite that, the students’ knowledge base differs 
in breadth and depth and practical experience in global 
production gained through internships are rare. On the other 
hand, due to the rareness of practical hands-on trainings at 
university, students’ motivation tends to be higher compared to 
traditional ex-cathedra-teaching. 
3.2. Didactics: teaching/ learning objectives and content of 
LGP 
In order to effectively strengthen the students’ abilities in 
the corresponding fields of professional, methodological, 
social and self-competences, the LGP is designed based on an 
open overall concept. This comprises that in LGP the 
moderators do not influence students in a way that directly 
leads to pre-defined learning outcomes. In the global 
production environment of LGP, self-directed and experiential 
learning are used to enable the gathering of experience. 
The self-directed learning is implemented by developing e-
learning sessions for each of the six modules of LGP to support 
the refreshing of basic knowledge and the extension of 
specialist knowledge within Global Production. Experiential 
learning is fostered within the subsequent application phases. 
Application phases are either realized in form of a case-study 
(modules: Site Selection, Sourcing, Production Network 
Planning) or as an attendance phase within the LGP 
environment (modules: Location-specific Production, Quality 
Assurance in Global Production, Scalable Automation).  
The alternation of the LGP curriculum between e-learning 
and application supports the open overall concept since 
theoretical input is shifted to the self-directed learning phases. 
Therefore, teaching theory is not necessary within the 
application phase except for brief reminders. 
The LGP intends to enable students to identify challenges in 
the field of global production and to cope with them by 
employing appropriate problem solving procedures. 
With regard to this key objective and the overall concept, 
learning objectives are structured into objectives concerning 
the entire learning factory (macro level), the different modules 
(meso level) and the teaching/ learning process within each 
module (micro level). Deriving the teaching/ learning 
objectives in a top-down manner, as shown in fig. 3, shall 
ensure their consistency. 
Fig. 3 LGP teaching/ learning objective hierarchy 
 
Operationalizing teaching/ learning objectives in form of 
deciding about the modules’ content the following must be 
considered: in the LGP the competence facets can only be 
supported in relation to the topic of global production and the 
intensity of the possible promotion is heavily dependent on the 
modules’ specific topics. For this reason, a competency map 
was developed indicating the realistic intensity of competence 
promotion for each module. The map bases on the environment 
and composition of self-directed and experiential learning 
phases of each module. These assumptions will be validated in 
future by actual measurements.  
All of the LGP modules offer excellent opportunities for 
promoting professional competence in each addressed field of 
global production. The promotion of methodical competence of 
the modules comprises the application of problem solving 
methods in the close-to-reality scenario. The promotion is 
slightly greater in modules using the production environment 
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of LGP since there is a wider range of options concerning 
teaching/ learning actions. 
 
Fig. 4 LGP - targeted competence map 
 
Furthermore, many different problem-solving methods in 
global production can be tested within the LGP environment. 
Since individual e-learning does not contribute to the fostering 
of social competence, this facet is supported least in LGP. 
Concerning application phases, the possible fostering of social 
competence also tends to be higher in modules using the LGP 
environment since they extend the collective coordination of 
conceptual decisions to the coordination of actions in a close-
to-reality global production environment. Being also supported 
in e-learning, the fostering of self-competency appears to be 
possible on a high level. The gradation between the modules is 
owed to the fact that only in modules incorporating attendance 
phases the moderators can make sure that the participants take 
enough time for reflection.  
3.3. Methodology: design of the LGP teaching/ learning 
process 
The methodological design of the LGP is based on the 
scheme of methodological decisions proposed by Bonz [18]. 
Both, for the e-learning unit as well as for the application phase, 
an indirect form of action is selected. In e-learning the 
participants use self-assessment to decide in which field they 
need deeper and wider knowledge. The success of their study 
is checked afterwards in an online-test. The online-test builds a 
framework for the self-directed acquisition of knowledge. 
Further theoretical input and direct steering by a teaching 
person is not intended here. In the application phases in the 
LGP environment, the participants form a team of mechanics, 
logisticians, manager, customer and observers, which (re-) 
designs the manufacturing processes according to the 
considered problem. Action-oriented learning is supported by 
very brief and demand-driven theoretical inputs if the process 
of planning and performing actions comes to a deadlock caused 
by missing knowledge. 
Considering the social arrangement in LGP, the participants 
are working alone and remote in e-learning phases whereas 
there is a high degree of interaction within the application 
phases. U-shaped classroom layout is chosen in order to 
support classroom discussions and group work. 
E-learning serves as preparation for the subsequent 
application phase. Corresponding to the two ways of 
introducing new content stated by Tisch et al. [16], content is 
introduced as “Theory push” in LGP e-learning phases. The 
teaching/ learning process within e-learning is structured into 
an information phase followed by a control phase. Following 
to a reflection phase, e-learning continues with a knowledge-
deepening phase. In application phases, content is revealed 
based on realistic problem settings in global production 
(“Problem pull”). In order to support action-oriented learning, 
the teaching/learning process in application phases is structured 
according to the model of complete action (see fig. 5).  
The utilization of teaching techniques is restricted to 
attendance phases. The moderators are giving open impulses in 
order to initiate thinking processes. 
The use of media in e-learning phases is limited to the use 
of electronic media since the learning process is performed on 
remote personal computers. In application phases, the range of 
usable media is wider. The moderators can resort to 
PowerPoint slides, task formulations, flipcharts, standard 
worksheets and moderation cards. Furthermore, each assembly 
station in LGP is equipped with a tablet providing additional 
information (e.g. on the manufacturing order) directly at the 
workplace. A digital performance measurement board, the so-
called "Active Cockpit" provides clearly visible information 
about the achieved production results. Moreover, the 
demonstrator product of LGP, a Bosch DC motor, also serves 
as learning/ teaching medium.  
 
 
Fig. 5 Structure of teaching/ learning processes in LGP 
The LGP moderation guide helps the moderating team 
selecting appropriate situation-specific media. 
3.4. Moderators’ role in LGP 
As in all self-directed and action-oriented concepts, teaching 
and learning activities in LGP emanate primarily from the 
participants. Consequently, the role of the teaching staff is 
shifting from being a pure input transmitter to a consultant or 
moderator of the teaching / learning process guiding learners in 
performing learning activities. There, the teaching staff’s tasks 
go far beyond the mere transmission of knowledge. They need 
to be responsive and attentive observing group dynamics. 
There is a high demand for sensitivity in situations of a stuck 
learning process. Participants should be given enough time for 
own reflection before reducing complexity by structuring the 
considered problem or giving theoretical input. Furthermore, 
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the moderators need to encourage the reflection process to 
ensure the successful linkage of newly obtained to existing 
knowledge.   
3.5. Development and review of modules’ content 
  The development of specific tasks and learning situations 
within each module is based on the LGP competence map and 
tailored to the formal structure of the teaching/ learning 
processes in LGP. In order to review consistency to concept, 
the designed task sequence is matched to the phases of the 
teaching/ learning structure consisting of the phases of 
complete action for the application phases. The application 
phase of the module on Location-specific Production for 
example comprises three cycles of complete action. The 
matching of teaching/ learning tasks to the model of complete 
action is shown in fig. 6. 
 
Fig. 6 Matching of teaching/ learning tasks to the model of complete action  
4. Summary and outlook 
The Learning Factory on Global Production was developed 
using a top-down design approach, which also considers the 
concept of constructive alignment. LGP pursues an open and 
modular concept shifting theory into self-directive e-Learning 
sessions prior to training problem solving in hands-on 
application phases. The content dimension is approached by a 
competence map explaining which capacity and skills are 
intended to be fostered in specific modules and teaching-/ 
learning processes in order to achieve the teaching/ learning 
objectives. The competence map serves a guideline for the 
detailed elaboration of teaching/ learning processes. The 
methodological design of LGP supports the competence-based 
and action-oriented concept. The design of specific teaching/ 
learning situations can be reviewed considering consistency to 
concept matching them to the phases of the model of complete 
action.  
Besides that, the concept itself comprising objectives, 
contents and the teaching/ learning processes needs to be 
reviewed and improved continuously. 
 Knowledge about which qualities are needed in global 
production specific work tasks is essential for the definition of 
LGP objectives. In order to train engineers in global production 
effectively and due to its direct influence on the definition of 
teaching/ learning objectives, scientific studies examining 
working tasks in this field need to be performed in future.   
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